prolonged periods. Four high values found in 2 cases of tumour seven to ten months after operation were attributable to recurrence of malignant tumours.
Data on urinary corticosteroids (formaldehydogenic steroids) are shown in Fig. 2 . Pre-operative values did not permit differentiation between tumour and hyperplasia. After resection or removal of one hyperplastic adrenal gland there was a trend toward lower values and in some cases the values became normal, but in many others they remained above normal. Following completion of adrenalectomy or excision of a tumour of the adrenal cortex practically all of the values were within the normal range or lower. Some of the post-operative values remained elevated to some extent owing to administration of cortisone which is excreted in part as a corticosteroid.
The described changes in excretion of steroids following adrenalectomy or removal of a tumour of the adrenal cortex are indicative of a pronounced reduction in the level of adrenal cortical function which was paralleled by remission of the signs and symptoms of Cushing's syndrome.
COMMENT
In severe form, Cushing's syndrome is a serious and progressive disease which, if untreated, carries an unfavourable prognosis. It appears, therefore, that radical surgical treatment is justified, as no other treatment in our hands, including roentgen irradiation of the pituitary gland, has afforded equally satisfactory results. 54 of the patients in the series reported herein in whom surgical exploration of the adrenal glands failed to reveal an adrenal cortical tumour were treated by subtotal adrenalectomy and 4 by total adrenalectomy. If the incidence of recurrences ultimately proves to be high after subtotal adrenalectomy, then total adrenalectomy may become the preferable form of surgical treatment.
The importance of surgical exploration of the adrenal glands to rule out tumour has been emphasized. In some instances the tumours are small and may not be detectable by other methods of examination.
The statements made here concerning the treatment of patients with Cushing's syndrome due to adrenal hyperplasia represent only present-day thought on this subject and may be changed in the future. Possibly non-surgical methods of treatment may be developed for patients in whom the presence of an adrenal cortical tumour has been excluded. SUMMARY Cushing's syndrome may be produced by a functioning tumour of the adrenal cortex but more often it is a consequence of hyperplasia and hyperfunction of the adrenal cortices in the absence of tumour. Removal of the tumour or extensive resection of hyperplastic adrenal glands at present seems to be the treatment of choice. Important aspects of surgical treatment, including pre-operative and post-operative use of cortisone, have been outlined. To date, 54 patients with Cushing's syndrome caused by adrenal hyperplasia have been treated by subtotal adrenalectomy and 4 by total adrenalectomy at the Mayo Clinic. 46 of the 47 patients in this group who are living are at present in a state of satisfactory remission from Cushing's syndrome. University Medical School, Boston, Massachusetts, U.S.A. TWENTY-TWO patients are presented illustrating a syndrome characterized by a normal serum calcium level, a low serum phosphorus level, an increased urinary calcium excretion and, in most instances, a staphylococcal pyelonephritis, past or present. This dislocation of homeostasis has been brought to our attention in the Kidney Stone Clinic of the Massachusetts General Hospital because of the frequency of kidney stones as a complication. Flocks (1940) mentioned infection in the kidney substances and kidney pelvis as factors of importance in the formation of calcium stones in the urinary tract. He also noted high urinary calcium in a large group of individuals with renal stones; the exact cause of the hypercalciuria was undetermined. There are many known causes of hypercalciuria: hyperparathyroidism, hyperthyroidism, osteoporosis when the disease is progressing, high calcium intake, myeloma and metastatic malignancy, sarcoidosis, renal tubular acidosis, vitamin D poisoning, etc. It is the purpose of this paper, however, to point out a condition in which the cause of hypercalciuria is not as yet clear, hence the term "idiopathic hypercalciuria". It will be noted at once that this syndrome has many features in common with hyperparathyroidism, notably low serum phosphorus, hypercalciuria and kidney stones. In fact the only distinguishing feature is the normal serum calcium level as opposed to the high serum calcium level in hyperparathyroidism. The serum calcium values of our 22 patients with idiopathic hypercalciuria were compared with serum calcium values in 14 cases of mild hyperparathyroidism. The hyperparathyroid patients were selected by taking the 14 cases, out of the series of 142 proven cases of the Massachusetts General Hospital series, which had complete data and had the lowest serum calcium levels. -The range of serum calcium in this group was 10-2 mg./100 c.c. to 12-4 mg./100 c.c., with an average serum calcium value of 11 4 mg./100 c.c. It is thus evident that this group represents cases with a mild degree of hyperparathyroidism. Fig. 1 shows a comparison and average values for all the determinations recorded for that particular group of patients. phosphorus, and urinary calcium in the normal, in the idiopathic hypercalciuria group and in the hyperparathyroid group. It is to be noted that in spite of the high values for serum calcium in the hyperparathyroid patients, the urinary calcium excretion is less in this group who have mild hyperparathyroidism than in the patients with idiopathic hypercalciuria; an average of 269 mg./24 hr.
Idiopathic Hypercalciuria
as compared with 283 mg./24 hr. (not statistically significant).
We have considered and ruled out hyperparathyroidism, even in mild degree, as an explanation of the high urine calcium in these patients. It might be thought, though there is nothing to suggest it, that a systemic acidosis with excretion of calcium as a base might explain the hypercalciuria. Accordingly, one of our patients with idiopathic hypercalciuria was given alkali while on a balance study, and the effects of this regime on urinary calcium studied. The patient was placed on a slightly acid-ash diet (about 70 m.eq./day) for three four-day periods; he was-then given sodium lactate, 100 m.eq./day, the diet remaining unchanged. In the final three four-day periods, the 100 m.eq. ofsodium lactate were replaced by 10 m.eq. of calcium as calcium gluconate. In Fig. 2 the high partition of calcium in the urine as compared with the fiecal calcium is to be noted. It will be seen that the: calcium excretion in the urine, large to begin with, was not decreased by the sodium lactate therapy. This is in marked contradistinction to what one finds in renal tubular acidosis where administration of sodium causes calcium to be saved and therefore decreased in the urine. It is of interest to note the analyses of stones occurring in patients with idiopathic hypercalciuria and stone analyses in some other conditions associated with high urine calcium. Table I shows the incidence and analyses of renal stones in some patients with hyperparathyroidism, renal tubular acidosis, and idiopathic hypercalciuria, also 100 consecutive stone analyses in nondescript cases of nephrolithiasis are included. It will be seen that all of our 22 patients with idiopathic hypercalciuria had renal stones which proved on analysis to be calcium phosphate and/or oxalate with 79 % negative -for ammonium and magnesium. It is the experience of our clinic that stones of this composition have been formed in clinical states which are associated with high urine calcium and without urinary tract infection.' It will be seen that in both hyperparathyroidism and renal tubular acidosis, conditions associated with high urinary calcium, the percentage of stones negative for ammonium and magnesium is also high whereas the percentage of stones negative for ammonium and magnesium in the nondescript cases of nephrolithiasis is very low. This suggests to us that the cause of the renal stones in idiopathic hypercalciuria may be the high urine calcium per se.
It was observed that these cases showed a high incidence of urinary tract infection. This might not seem surprising since renal stones are commonly associated with positive urine cultures of one -or more organisms, although patients who have hyperparathyroidism with staghorn stones not uncommonly have sterile urine. Eighteen out of twenty-two of our cases showed Staphylococcus albus in one or more cultures. To be sure, this is a common contaminant in the male, and all our 22 cases were males. However, in many cases it was clearly the infecting organism. The question arises as to what might be the causal relationship between the urinary tract infection, the hypercalciuria and the renal stones. The authors suggest that the infection may possibly be the factor causing hypercalciuria.
That infection is certainly related to hypercalciuria seems evident in an instance of idiopathic hypercalciuria complicating idiopathic hypoparathyroidism. The patient has already been reported (Sutphin, Albright and McCune, 1943) . He was followed for hypoparathyroidism for a period of years; he developed under observation acute staphylococcal pyelonephritis; this was associated with marked hypercalciuria (1,045 mg./24 hr.) in spite of the fact that his serum calcium was low; finally the hypercalciuria disappeared when the infection was cured by antibiotic therapy. With the high level of urinary calcium he quickly developed a kidney stone which had to be removed. The -stone analysis was that which one expects with hypercalciuria (see above), namely, phosphate and oxalate with absence of ammonium and magnesium. The authors have seen several cases of hypercalciuria in patients with hypoparathyroidism and low serum calcium values in which there was no urinary infection. The mechanism of the hypercalciuria in these cases is quite different from that in the condition under discussion.
1We have used the presence of magnesium and ammonium in a stone as evidence of an infected, alkaline urine having been present at the time the stone was formed; conversely, absence of magnesium and ammonium in a phosphate stone is taken to be evidence of hypercalciuria having been present when the stone was formed. Of course there will be stones where the sequence of events was hypercalciuria-.calcium phosphate stone-o infection-*alkaline urine-*calcium phosphate-ammonium-magnesium stone.
We suggest the following sequence of events as a possible explanation of the hypercalciuria in ithese patients: ? The first attempts to find out what might be the disturbed physiology in this group of 22 patients have yielded no concrete explanation; the condition remains therefore, to us at least, idiopathic hypercalciuria.
